This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 



TEXT CUT OFF AT TOP, BOTTOM OR SIDES 



FADED TEXT 



ILLEGIBLE TEXT 



SKEWED/SLANTED IMAGES 



COLORED PHOTOS 



BLACK OR VERY BLACK AND WHITE DARK PHOTOS 



GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 




FIG. 1 



11 




Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

2/61 



26c 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

3/61 




628 



FIG. 4-1 




628 



28c 

FIG. 5-1 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

4/61 
CHIP/CSP/MCM 



PHOTODETECTOR V 



OUT 



FIG. 4-2 



24f LIGHT, 



- ^^» r 32 r 3 2 /-TO GND (OR V) 




WAVEGUIDE 



^27 




28c' 



M"0 V (OR GND) 



28c' 



FIG. 5-2 



INPUT PAD 
24f 



'aun run" 




^ 



628 



28c' 



FIG. 4-3 



^32 ^TO GND ( OR V)^29" 

PHOTODETECTOR 22 

24f fcs&i 



-\A/** 



-vA^ 



^-WAVEGUIDE 




32 



^TO V (OR GND) 



28c" 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 




FIG. 6 



i 



"Multi-Layer Opto-Electronic Substrates with Electrical and 




636 



FIG. 7 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

7/61 



36b' 





28c 



FIG. 10 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

8/61 



VIA 



21 



FIG. 11 12 







"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 







"Multi-Layer Opto-Electronic Substrates with Electrical and 




FIG. 20 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 




"Multi-Layer Opto-Electronic Substrates with Electrical and 




FIG. 22 




"Multi-Layer Opto-Electronic Substrates with Electrical and 




FIG._26 

FIG. 25 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 






627 

VIA-S? 6 \ 



158 



"Multi-Layer Opto-Electronic Substrates with Electrical and 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



16/61 



20 



FIG. 32 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 





333 



350 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

18/61 



344 



348 




300 



FIG. 33 



320 

302 
350 
302 

320 

302 
350 



r " 




/ -A/V -A/V -A/V \ 


1 


1^336 328- S | 


-) h- 

-) r 1 - 


■ J r-±± d_t — d-t-j t±±— ±± ±±-j 

J 1 i-l 1 1 i r±i i — 


— W 






/ -a/v -W -a/v \ 




1^336 328^| 


H — 

i_ 




■ » 
1 



FIG. 34 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

19/61 



LADS* 1 



320a 

302' 

320b 

302' 
320a 

302' 

350 

302' 
320b 
302" 

350 



I I 




FIG. 36 



324a 




3xx 



FIG. 37-1 



324a 



320a 

333 
320b 




324a 





y a/v / 


1 — — f 

1 I T " "\ 


— p 4><f -LL | 





3xx 



■ ■ 



FIG. 37-2 



324a 




3xx 



320a 
333 
333 

320a 



324a 



/ ^ ( 




FIG. 37-3 



FIG. 37-4 



0 8 28M 




A 

& 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

20/61 



333 







333-^ 




333^ 








8 








8 





412 




FIG. 38 



333 



333 



352 



27z 



333 



414 



412 




FIG. 39 



351 



27 333 



352 > 416 




FIG. 40 



333— 351 
416 

414 



412 



352 




FIG. 41 



"Multi-Layer Opto-Electronic Substrates with Electrical and 




FIG. 44 




FIG. 45 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

22/61 



450 



FIG. 46 




450 



FIG. 47 




/S/ST< 



454 



454 



454 



450 



FIG. 48 





320a 



FIG. 50-1 



455 




454 



455^ 

Wi^i i^W^, 




320a 



23 

24 
21 

450 



456 



454 



FIG. 50-2 




458 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



cS* 5 * 320a 



FIG. 51-1 



23/61 



455 



455 




320a 



FIG. 51-2 




454 



458 



456 




FIG. 52 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors'. Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

24/61 



FIG 




FIG. 





As 


1 


330^. 333^. 

1 IV 0 V 1 IV 


1 


36^ 




^330 / 


/ r; 




S3 — 24 — -S 










j-24— ^ 








3 ^ 



V 



o 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

25/61 



FIG. 59 



FIG. 60 



21b 




FIG. 61 



21b 




FIG. 65 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 




FIG. 67-2 



r 



26b' 




CHIP CLADDING 
CHIP CORE 

CHIP CLADDING 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 




FIG. 70 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

28/61 



CO 

o 



CO 
■+-» 

o 

CD 

c 
o 
o 



<D -5 



o 



« CD ? 



CO 

o 

2 



O 
O 

CD 




I 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

29/61 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

30/61 





LU 



CO 



I 



CD 




f 




\ 

* * + 


\ 

* t * 

* t * 


\ 

* * * 

* * * 


\ 

* * * 

* * * 


\ 





o 



i 



CD 



I 



CD 




l 



CD 



LU 



UJ 

en 



\ 


1 

\ 




s 


s 


s 


\ 




\ 


s 


s 


s 


\ 

> 




\ 

3 



O 1j 

CD I- 

>< LU 

1 1 1 i£ 

17* W 



I 



CD 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors'. Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



31 /61 



TOP ELECTRODE 
(CONTACT METAL/Au/W) 




THICK p (or n) 
EPITAXIAL LAYER 

TAPERED i (INTRINSIC) 
EPITAXIAL LAYER 



THICK n (or p) 
EPITAXIAL LAYER 



(EPITAXIAL GROWTH AND PATTERNING) 



FIG. 74 



GLASS SUBSTRATE 



/ — s 



/ — \ 



/ — s 



(EPITAXIAL LIFTOFF) 

FIG. 75 




620 



r 



i 



GLASS SUBSTRATE 



/ \ 




620 



620 



z 



21 



■21 
■12 




620 



(TRANSFER AND ATTACHMENT) 

FIG. 76 



r 




620 



/ N 



23 
-24 

•21 
•12 



(CORE COAT / CLAD COAT / CMP) 

FIG. 77 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



620 



/ \ 



32/61 



23 
•24 

•21 
•12 



r 




620 



/ \ 



^ FIG. 78 (CORE PATTERNING) V FIG. 79 



23, 23' 
-24 

■21 
-12 



(CLAD COATING) 



r 



27 VIA 



{ 




620 




VIA 27 



620 



23' 




\^ (VIA AND ELECTRODE FORMATION) 

FIG. 80 



r 27^ via 





V20" J h 



23' 



VIA 



620 




VIA^ 27-^ 



(SUBSTRATE REMOVAL / 
V BACK-SIDE METALIZATION) 

FIG. 81 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



33/61 



TOP ELECTRODE 
(CONTACT METAL/Au/W) 



/ \ / \ / \ / 



GaAs SUBSTRATE 




FIG.J82 

(EPITAXIAL GROWTH) 



THICK p (or n) 
EPITAXIAL LAYER 

TAPERED i (INTRINSIC) 
EPITAXIAL LAYER (-CORE) 

THICK n (or p) 
EPITAXIAL LAYER 



GLASS SUBSTRATE 



/ \ / \ / \ / \ / \ 



FIG 83 ^ METALIZATION 

(EPITAXIAL LIFTOFF AND METALIZATION) 



DEVICE DIVIDE 



r 



{ 



r 



GLASS SUBSTRATE 



620' 



27. 


/ \ 


-620' 

VIA 









614 



614 
613 
12 



I 




620' 



V. (DEVICE DIVIDE, TRANSFER, AND 
THIN-FILM DEVICE ATTACHMENT) 

FIG. 84 



r 




620' 











1 1 







^-24 

^21 

614 

— 613 
12 



(CLAD COAT AND CORE COAT) 

FIG. 85 



r 



{ 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

34/61 



4 _~_ Y 



^620'- 



1 _~_ * 



620' 



21 
•24 





/ \ 






I I 







24 

-21 
.614 
-613 
•12 



FIG._86 (CORE PATTERNING) 



r 



v. 



= = = iJhl-L 

^620'- 




J- 



620" 





/ \ 










1 1 







23 



23 
24 
21 

-614 
•613 
•12 



FIG._87 (CLAD COATING) 



r 



27. VIA 





6 r 2CT 



VIA 27. 





' 1 1 " 1 

















23' 



■23 
24 
21 

.614 
■613 
■12 



V (VIA AND ELECTRODE FORMATION) 

FIG. 88 



FIG. 89 





/ \ 

















•23 
24 
21 

.614 
■613 
-12 



"Multi-Layer Opto-Electronic Substrates with Electrical and 





"Multi-Layer Opto-Electronic Substrates with Electrical and 




V J V J 



"Multi-Layer Opto-Electronic Substrates with Electrical and 






"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 






"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

39/61 






"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

40/61 




V 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

41 /61 




V 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

42/161 



Z-Connection 




777777777777777777777, 
'// Electrical Layer 
'//////////J///////////, 




CD 



aiRswimsw 



7777777777777777777777, 
Electrical Layer 
'/////////////////////, 




C J 




o 



Z-Connection 



OE-Film 



aiew*2asi4f 




^777777777777777777777/ 
'// Electrical Layer 
f //////////////////////, 



aiRSM*2JSJ4f 




Z-Connection 



aHf5**>4MSIif 



OE-Film 



aif«»*2Mi4f 



ai«=«»Masi«r 



ait5«>K!MI4; 



OE-Film 



F/G. 772 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



A0 DE-film-W 



Polymer Waveguide 



V/W//////W//W///\ Y7777X 




Electrical Line 



mm 



OE-film-D 



Polymer Film 



FIG. 113 



VCSEL 



Photodetector 



FIG. 114 



OE-film-DW (V) 
, W////////////////////A 



VCSEL 



Photodetector 




V777/nm 



FIG. 115 



mzMzzzzzzzi 



OE-f\\m-DW (M) 

, W///////////////////M 



Light Modulator 

UMWA\ Y^MA, y(M(MB- 



T777/7///k W///7/M V///777m 



m 



Photodetector 



wzMMzni 



FIG. 116 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



44/61 




"Multi-Layer Opto-Electronic Substrates with Electrical and 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

46/61 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

47/61 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



48/61 




Connector 



OE-Film 



Waveguide 




Chip 



Curving Part 



FIG. 121 



Connector 




OE-Film 



Curving Part 



i i 



Waveguide 



MCM 



FIG. 122 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

49/61 




CO 
CM 



I 



CD 



CD 



CO 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

50/61 



o 

0) 
ifi 
i 

CO 
CO 

o 
o 



o 

0) 



o 

o 

Q 

CM 



□ □ □ □ □ □ □ □ 

□ □□□□□□□ 



□ □□□□□□□ 

□ □□□□□□□ 



□ □□□□□□□ 

□ □□□□□□□ 



□ □□□□□□□ 

□ □□□□□□□ 



□ □□□□□□□ 



□ □□□□□□□ 



□ □□□□□□□ 



□ □□□□□ 





CD 

O) 

CD 

> 

CD 



CD 
CO 



_Q 

o 
Q 



CD 

;g 

O) 
<D 
> 
CO 



CD V 

>> r 

(0 



0) 
O) 



CM 



I 



CD 



E 
o 
m 

x 

E 
o 
m 

1 

CO 

<D 
N 

CO 



CO 
CO 

E 

CO 
CO 

< 



o 

CD 



X 

CO 
_Q 

in 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



51 /61 



o 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

52/61 



I 



CO 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 





MAR 0 B 2QD4 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 



O 

CL 

CO 
O 

O 



S5S 



s2s 



S5SS 

s2s 



S5S 



§2§ 
$2$ 



J t 



T3 

*3 
CD 
CD 
> 

CD ^ 

£ x 

=3 (D 
O [7- 

-•— » *— ' 
_C= CD 
CDJQ 



54/61 



§2? 



S5S 



s2s 



s2s 



J t 



CD 

CD 
CD 
> 
JO 



CD ^ 
e X 

°lT 
CO 

, . i_r 
-C CD 

—j Ll 



S2S 



S5S 



s2s 



s2s 



J L 



CM 
CO 



I 



CD 



co 



I 



CD 



co 



I 



CD 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 




J 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

56/61 




O 
CD 



O 

O 
i 

M 





a: 

CO 

o 

6 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

57/61 



£2$ 



s2s 



S2S 



Q 

I 

E 



LU 

o 




I 




o 
o 

Q) 
"O 

o 
o 



CM 



I 



CD 



"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 




"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 





"Multi-Layer Opto-Electronic Substrates with Electrical and 
Optical Interconnections and Methods for Making" 
Inventors: Tetsuzo Yoshimura, et al. 
Application Serial No.: 09/295,431 

61/61 



FIG.JI47 

(PADS/LINES FORMATION) 





FIG._148 

(PLACEMENT OF THIN-FILM DEVICES) 



FIG. 149 



(POLYMER COAT) 




FIG. 150 



(PLANARIZATION) 





FIG.JI51 

(VIAS/PADS/LINES FORMATION) 



FIG. 152 



(SUBSTRATE REMOVAL) 




1 



^^^^^^^^ 



